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SUMMARY

Pharmacological approaches to the optimization of the oxygen affinity of liposome-encapsulated
hemoglobin (LEH), a potential blood replacement fluid, have been studied. In our work we
have researched the potential utility of LR16, L35, and related analogues in optimizing the
oxygen affinity of LEH. Twenty drugs were synthesized and tested for their ability to modulate
the Py, value of purified human hemoglobin. A new agent, 2-[4-(3,5-di(trifluoromethyl)-
phenoxy]-2-methylpropionic acid (compound 02-50), was found to display activity greater than
that of LR16, and approximately equivalent to the activity displayed by L35. At 02-50
concentrations of 0.75 mM and 1.5 mM, respectively, the Ps, values of LEH preparations
containing human hemoglobin stripped of 2,3-diphosphoglycerate were increased from 10 mm
Hg to Py, values of 32 mm Hg and 61 mm Hg, respectively. Our data indicates that the
allosteric modifiers LR16, 1.35, and 02-50 are capable of diffusing into LEH particles composed
of distearoylphosphatidylcholine (DSPC): dimyristoylphosphatidylglycerol (DMPG): cholesterol
[molecular ratios of 4:1:3, respectively] and decreasing Ps, values, effectively.

Unfortunately, however, the desirable effects of the LR16, L35, and 02-50 agents on the
encapsulated hemoglobin are seriously attenuated when serum albumin is also present. Here we
have shown that the ability of albumin to bind the allosteric modifiers of hemoglobin diminishes
considerably their desired biological effects on hemoglobin. Whereas 1 mM LR 16 shifts the Ps,
of hemoglobin free in solution from 8 mm Hg to a value of 40 mm Hg, physiologically relevant
concentrations of 50 mg/ml human serum albumin right shift the oxygen dissociation profile of
hemoglobin to control Py, values (8 mm Hg). In experiments with LEH, the addition of HSA
to LEH suspensions containing LR16, L35, and 02-50 were found to seriously limit drug
effectiveness. HSA is well known to have two binding sites for lipophilic and negatively-
charged drugs, and the notion occurred to us that the allosteric modifiers of interest bind
specifically with such a site. Experiments revealed, however, that the competition between the
albumin versus hemoglobin binding was not attenuated by denaturation of HSA, indicating HSA-
LR16 associations are nonspecific in nature.

In an attempt to overcome the diffusion of LR16 agents from the LEH particles, we synthesized
a permanently-charged analogue of LR16. A permanent positive charge markedly diminishes
the rate at which an agent can diffuse through a liposomal bilayer. The analogue which we
synthesized, compounds 02-31 and 01-69 (iodide and BF, forms, respectively), was
unfortunately found to display disappointingly low activity at modulating the oxygen affinity of
hemoglobin. Because a viable pharmacological approach to the optimization of the Py, value of
hemoglobin encapsulated within liposome remains a most attractive goal to pursue, alternate
approaches other than the incorporation of quaternary ammonium salt moieties should be
considered. Our experience with 02-50 indicates that LR16 can be substituted with larger, bulky
substituents actually resulting in the case of 02-50 in a marked increase in drug effectiveness at
modulating LEH Ps,. This data suggests further analogue development may allow for the
incorporation of photoactive moieties into the drug structure, possibly allowing for covalent
attachment of bioactive drug to the hemoglobin confined within the LEH particle.




EXPERIMENTAL METHODS

Drug Synthesis

2-[4-[[(aryl)amino]carbonylJamino]phenoxy-2-methyl propionic acid derivatives 26-37 were
prepared by a two step reaction starting from commercial 4-aminophenol (Scheme 1). Its
condensation in pyridine with isocyanates 2-13 led to intermediates 14-25. To avoid a formation
of by-products the isocyanates were added to the reaction mixture at 0°C and the reactions were
carried out at this temperature for a period of about 15 min. Then, the reaction was continued
at room temperature. In most cases high yields were obtained (over 90%). Urea derivatives
14-25, while reacted with acetone-chloroform in the presence of NaOH followed by hydrolysis
led to the sodium salts of the final products. The water suspension after reaction was washed
with ethyl acetate to give solution of pure sodium salts. That modification omits a filtration, as
it was described before - which is long and problematic. The final products were precipitated
with 12% HCI.

Scheme 1

Attempts to prepare some thiourea analogues of known allosteric effectors according
above reaction sequence failed. Condensation of corresponding 1-aryl-3-(4-hydroxyphenyl)-
thiourea derivatives in acetone-chloroform-NaOH reaction led to a complicated mixtures of
undefined products. Hence, thio analogues of 26 and 27 were finally prepared by a reaction of
lithium salt of 2-(4-aminophenoxy)-2-methyl propionic acid (41) with 3-chloro- and 3,4-
dichlorophenyl isothiocyanates (38,39) in pyridine with 58% and 52% yield, respectively
(Scheme 2). This method was also successfully applied for the synthesis of 3,5-
bis(trifluoromethyl) derivative 44 (44 % yield), which could not be obtained previously according
procedure shown on scheme 1, because of a partial hydrolysis of CF; groups in the reaction with
acetone-chloroform, while an intermediate type 14-25 was refluxed in a strong alkaline
conditions.

Schemes 2 and 3

Amino analogues of allosteric effectors of hemoglobin, possessing strong basic center on
NH, group, can be easily accessible from a corresponding nitro derivatives by a catalytic
hydrogenation (under 10 psi) on Pd/C in methanolic solution. Using this method compounds
45-49 were prepared with 44-90% yield. Till now, they were not reported in the literature and
their effects on human hemoglobin were not investigated. ~Methyl ester of 2-[4-[[(3-
aminophenyl)amino]carbonyl]amino]-phenoxy-2-methyl propionic acid (50), which was obtained
as a by-product, while a crude amine (46) was filtered through silica gel in acidic methanolic
solution, indicated much lower effect on hemoglobin as compared with compounds with free
carboxylic group. The corresponding permethylated compound on amino group (S1) was
synthesized (83% yield) according a similar procedure as it was described in the literature, using
methyl iodide as an methylating agent. As an acceptor of evolved hydroiodide, diethyl aniline
was used. In this case, both high purity of the starting amine and longer reaction times were
required to obtain the salt in a pure, crystalline form.
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TLC was performed on precoated plastic sheets (0.2 mm) of silica gel 60 F-254 (E.
Merck AG, Darmstadt, Germany); compounds were detected by UV lamps (254 nm).
Hydrogenations were carried out in Parr Apparatus. Melting points were determined with a
Buchi 530 apparatus and are uncorrected. NMR spectra were recorded for solution in DMSO-d4
or CDCL,/DMSO-d,) (internal standard TMS) with a QE-300 (300 MHz) and Bruker AM-400
(400 MHz) spectrometers. Most of synthesized compounds has high tendency to associate water,
hence for some of them elemental analysis was assessed for hydrates and subsequent high
resolution-mass spectrometry confirmed empirical formula. Isocyanates and isothiocyanates were
commercially available (Carbolabs - Bethany, Connecticut 06525; Aldrich - Milwaukee,
Wisconsin 53201; Lancaster - Windham, New Hampshire 03087). 2-(4-Aminophenoxy)-2-
methyl propionic acid (41) was obtained according a procedure described in the literature.




Synthesis of 1-aryl-3-(4-hydroxyphenyl)urea derivatives (14-25). General Procedure.

Aryl isocyanate (2-13, 30 mmol) was added as a pure substance or as a solution in
pyridine (1-2 mL) to a vigorously stirred solution of 4-aminophenol (3.3 g, 30 mmol) in pyridine
(8-10 mL) at 0°C. The reaction was kept at this temperature for 15 min. Then, the ice bath
~ was removed and the reaction continued for another 15 min at room temperature. Then, water
(250 mL) was added, and the pyridine was neutralized with a small excess of 12% HCI (~ 180
mL). The suspension was left with stirring for 0.5 h, the precipitate was separated by filtration,
washed with water, and dried to give products 14-25. If the product was not pure enough
(TLC:CHCL,/MeOH - 10:1) it was dissolved in methanol and the insoluble white solid
(products of polymerization of isocyanates) were filtered off. The filtrate was concentrated and
dried in vacuo. Analytical samples were recrystallized (or chromatographed and recrystallized)
from acetone, methanol or methanol/chloroform mixture.

Synthesis of 2-[4-[[(aryl)amino]carbonyl]amiho]- phenoxy-2-methyl propionic acid
derivatives (26-37). General Procedure.

A vigorously stirred mixture of sodium hydroxide (2.8 g, 71.6 mmol) and 1-aryl-3-(4-
hydroxyphenyl)urea derivative (13.7 mmol) suspended in acetone (35 mL) was-heated to reflux.
Then chloroform (5.5 mL, 68 mmol) was added dropwise for about 10 min. The reaction was
continued for an additional 4 h in reflux. Then, the solvents were evaporated and water (90 mL;
for compounds 24,25 - 180 mL) to the residue was added. The mixture was shaken with ethyl
acetate (2x40 mL), heated with charcoal at 50°C, filtered through Celite and then acidified with
12% HCl to pH ~ 1. The precipitate was isolated by filtration, washed with water and dried
to give crude products 26-37.

The products were purified according to the following procedure: The crude compound
was dissolved in a small amount of acetone and then ethyl ether was added dropwise until a dark
solid started to precipitate. The solution was left for 0.5 h and the solid was filtered off. The
remaining solution was concentrated to dryness. This procedure was repeated 2-3 times.
Finally, the product was precipitated from a concentrated acetone solution by addition of ethyl
ether or crystallized from acetone, ether or acetone/ether mixture.

Synthesis of 2-[4-[[(aryl)amino]thiocarbonyllamino]phenoxy-2-methylpropionic acid
derivatives (42,43) and compound 44.

A solution of buthyllithium in hexane (1.6 N, 1.25 mL, 2 mmol) was added at the
temperature 0°C to a solution of 2-(4-aminophenoxy)-2-methyl propionic acid (390 mg, 2 mmol)
in pyridine (5 mL). The mixture was vigorously stirred and after 5 min an aryl isothiocyanate
(38,39) or isocyanate 40 (2 mmol) was added. The reaction was carried out at 0°C for 15 min
and then at room temperature for additional 15 min. The water (20 mL) was added and the
pyridine was neutralized with a small excess of 12% HCI (~16 mL) to pH ~ 1. The oily
precipitate was filtered, washed with water (4x10 mL), dissolved in acetone, filtered and
concentrated to give crude compounds 42-44. If necessary, they can be filtered through short
column with silica gel (CHCL/MeOH as eluent) or purified by treatment with 10% NaOH (10
mL), washing with ethyl acetate (2x10 mL) and a precipitation by the addition of 10% HCIl to




pH ~ 1. Analytical samples were recrystallized from ether-acetone or acetone-chloroform
mixture.

Catalytic Hydrogenation of compounds 29-32 and 35. General Procedure.

2-[4-[[(Nitroaryl)amino]carbonylJamino]phenoxy-2-methyl propionic acid derivative 2
mmole) was hydrogenated (10 psi) in MeOH (25 mL) using 10% Pd/C (80 mg) as a catalyst (10
psi) until the substrate disappeared (2-6 h; reaction was monitored on TLC, CHCl,/MeOH -
4:1). After the reduction, the catalyst was filtered off through Celite, washed with MeOH, and
evaporated to dryness (when the amine was partially soluble in MeOH, and evaporated to
dryness (when the amine was partially soluble in MeOH, it was directly transformed in MeOH
solution into corresponding hydrochloride). Crude product was suspended in water (15 mL) and
it was acidified with HCl to pH ~ 1. The solution was washed with ethyl acetate (3x10 mL),
the traces of ethyl acetate were removed from water phase under reduced pressure and the
product was precipitated with ammonia (at pH ~ 6) or the solution was alkalized with NaOH
and then it was acidified with acetic acid to give pure products (45-49).

2-[4-[[(2-Methoxy—4—trimethylamoniumphenyl)amino]carbonyl]amino]phenoxy-Z-methyI
propionic acid iodide (51).

2-[4-[[(2-Methoxy-4-aminophenyl)amino]carbonylJamino]phenoxy-2-methyl propionic acid
(360 mg, 1 mmole) and diethylaniline (450 mg, 3.01 mmole) were dissolved in DMF (1.8 mL)
and then methyl iodide (865 mg, 6.80 mmol) was added. The reaction was left with stirring at
the room temperature for 4 days. It was filtered, the filtrate was concentrated and dried on the
oil pump. The viscous oil was left until solidied. The chloroform (12 mL) was added and the
precipitate was suspended using ultrasonic cleaners. Then, acetone was added (8 mL) and the
white powder was isolated by filtration. The filtrate was concentrated and the procedure was
repeated. 436 mg of the desired salt was obtained (83%); mp 186-190°C (acetone); 'H NMR
(400 MHz, DMSO-dg) 9.29 (s, 1 H, NH), 8.44 (s, 1 H, NH), 8.27 (d, J = 9.6 Hz, 1H), 7.53
(d,J = 2.4 Hz, 1 H), 7.41 (dd, J = 9.6,2.4 Hz, 1 H), 7.32 (d, J = 8.6 Hz, 2 H), 6.80 (d,
J = 8.6 Hz, 2 H), 3.99 (s, 3 H, OCH,), 3.58 (s, 9 H, N(CH,),), 1.45 (s, 6 H, 2xCHy); ©°C
NMR (100 MHz, DMSO-d¢) 174.1 (CO,H), 151.9, 150.0, 147.7, 140.3, 133.6, 130.3, 120.0
(2xC), 119.1 2xC), 117.4, 111.7, 103.8, 78.6 (CCO,H), 56.5 (OCH;), 56.5 (N(CHs)s), 24.6
(2xCH;). Anal. (C,HxIN;05) C, H, N, L.




NEW LR16 ANALOGUES SYNTHESIZED AND EVALUATED
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Preparation of Purified Human Hemoglobin Solutions

Outdated blood, obtained from the Red Cross of Ohio, was centrifuged at 4°C at 1000
x g for 15-20 min. The supernatant was discarded, and the packed cells were carefully
resuspended (i.e. without vigorous shaking) in an equal volume of cold 0.15 M NaCl and
recentrifuged at 1000 x g. The 0.15 M NaCl washing was repeated four times.

The packed, washed cells in heavy glass centrifuge tubes were lysed by addition of an
equal volume of cold purified water, followed by addition of chloroform (5% of the total
volume). The mixture was stirred for 30 min at 4°C and then centrifuged at 3000 rpm for 10
min at 4°C to remove the major portion of cell debris and chloroform-containing viscous phase.
The supernatant containing hemoglobin was centrifuged for 30 min at 4°C and 9000 x g. The
supernatant containing hemoglobin was removed leaving behind the remaining cell debris.

Organic phosphates were removed by dialysing extensively at 4°C against 0.5 mM TES
buffer containing 0.1 M NaCl, pH 7.5. The dialysis buffer was initially changed at one hour
intervals for 6 hours followed by every 4-6 hours for next 24 hours. Finally, ionic impurities
were removed by passing the hemoglobin solution through a column of Dowex MR-3 mixed bed
jon exchange resin that was washed and pre-equilibrated with Millipore purified water at 4°C.

The purified hemoglobin solution was concentrated two-fold using Amicon Centriprep
concentrators by centrifuging at 3000 x g and 4°C and stored at -20°C.

Drug Dissolution

Drug stock solutions of 3 mM or less in 2-{[tris-(hydroxymethyl)-methyl]-amino}-
ethanesulfonic acid (TES) buffer (0.05 M TES, 0.14 M NaCl, pH 7.40) were prepared by
vigorous vortexing. The mixture was sonicated briefly and/or warmed to 40°C if the dissolution
process was slow as evidenced by a lack of optical clarity of the solutions. Finally, pH was
adjusted to 7.40 if needed. LR16 stock solutions of >0.02 M were prepared by initially
dissolving in TES buffer at pH 10-11 and then adjusting the pH to 7.40 with HCI.

. )

P,, Determination

Recording of curves of equilibrium binding of oxygen to hemoglobin or LEH was carried
out with the Hemox Analyzer (TCS Medical Products, Huntingdon Valley, PA). The operating
principle of the Hemox Analyzer is based on dual-wavelength spectrophotometry for the
measurement of the amounts of oxygenated and deoxygenated hemoglobin and a Clark
membrane electrode for the measurement of the oxygen partial pressure.
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Briefly, an approximately 3 ml hemoglobin solution was drawn into the cuvette which
also contained an oxygen sensitive membrane electrode, a thermistor probe for temperature
measurement and a magnetic stirring bar. Measurements were carried out at 37°C. The sample
was allowed to equilibrate with air flowing through the solution and the extent of oxygenation
was recorded on X-Y recorder as a function of oxygen partial pressure. Figure 1 and 2 show
typical association curves. The ps, values were calculated from oxygenation curves. A Pg, value
is defined as the pO, value at which 50% oxygen saturation of the sample occurs.

EVALUATION OF DRUG EFFECTIVENESS

Characterization of the Effectiveness of Allosteric Effectors_at Modulating the Oxygen Affinity
of Human Hemoglobin.

Table I summarizes the effect of the various allosteric modifiers of interest on the Ps,
value of purified hemoglobin stripped of its natural allosteric effector 2,3-DPG. Drug
concentrations of 1.5 mM were employed. Ps, refers to the partial oxygen pressure at which
purified hemoglobin solution is half-saturated in the presence of 1.5 mM drug; Psc refers to the
partial oxygen pressure at which purified hemoglobin solution is half-saturated in the absence
of drug. The Ps, values ranged from 5 mm Hg to 10 mm Hg; the observed variance existing
due to differences in the level of purity of hemoglobin achieved for different preparations.

Of the new compounds tested, 02-50 was the most potent at modulating the oxygen
binding pressure of hemoglobin. This analogue, when completely dissolved, was more effective
than LR16 at modulating the P, of hemoglobin free in ‘solution. The 02-50 compound exhibited
approximately the same level of effectiveness as L35 at modulating the oxygen binding
properties of hemoglobin. In an attempt to overcome the diffusion of LR16 agents from the
LEH particles, we synthesized a permanently-charged analogue of LR16. A permanent positive
charge markedly diminishes the rate at which an agent can diffuse through a liposomal bilayer.
The analogue which we synthesized, compounds 02-31 and 01-69 (iodide and BF, forms,
respectively), was unfortunately found to display disappointingly low activity at modulating the
oxygen affinity of hemoglobin.

Table II summarizes the effects of the allosteric modifiers on the Py, value of bovine
hemoglobin. From the table it can be seen that the LR16 analogues are also capable of
modulating the Ps, value of bovine hemoglobin; it is clear, however, that human hemoglobin is
affected to a greater degree by the allosteric modifiers. For example, whereas 1.5 mM LR16
altered the Psy/Ps, (control) to a value of 5.3 in the case of human hemoglobin, the Pso/Ps
(control) value was 1.6 in the case of bovine hemoglobin. Thus the use of the allosteric
modifiers at increasing the Py, value of bovine hemoglobin is less useful when the hemoglobin
source is bovine.

Reductions in Drug Effectiveness Due to the Presence of Human Serum Albumin.

Figure 1 shows how the addition of human serum albumin modulates the effect which
2 mM LR16 exerts on hemoglobin free in solution at a concentration of 150 xM. In the absence
of HSA LR16 has a strong effect on hemoglobin, shifting the curve well to the right with a Ps

11




Table I. Summary of the Effects of Allosteric Modifiers on Human Hemoglobin.*

Compound Pso/Psoc
LR16 5.3
L35 6.3
01-22 1.7
01-35 1.3
01-36 1.4
~01-37-1 0.9
01-37-2 1.6
01-38 2.2
01-40 1.8
01-42 2.0
01-43 2.1
01-45 1.5
01-69 1.0
02-24 1.3
02-25 1.2
02-26 3.1
02-30 3.1
02-31 0.9
02-38 1.4
02-39 2.0
02-40 1.9
02-50 62
02-51 1.6

* Drug and hemoglobin concentrations of 1.5 mM and 150 uM, respectively, were used.
Experiments were conducted at 37 °C in TES buffer, pH 7.4. Ps values represent
determinations in the presence of drug, while Py, values represent determinations in the absence
of drug. Psy values ranged between 5 mm Hg and 10 mm Hg, depending on how efficiently
the hemoglobin was stripped of its natural allosteric effector 2,3-DPG.

12




Table II: Summary of the Effects of Allosteric Modifers on Bovine Hemoglobin.*
Compound P/ mmgH P, (control P, /P, Control
LR16 35.0 22.6 1.6
L35 34.7 22.6 1.5
01-35 28.6 22.6 1.3
01-36 24.1 22.6 1.1
01-38 33.1 22.6 1.5
01-42 25.7 22.6 1.1
01-43 29.6 22.6 1.3
02-24 21.6 22.4 1.0
02-25 27.1 22.4 1.2
02-30 50.3 22.4 2.3
03-31 21.6 22.4 1.0

© 03-39 37.9 22.4 1.7
02-40 32.6 22.4 - 1.5
02-51 30.9 22.4 1.

"Drug and hemoglobin concentrations of 1.5 mM and 150 uM, respectively, were used.

Experiments were conducted at 37 °C in TES buffer, pH 7.4.

Ps, values represent

determinations in the presence of drug, while P, values represent determinations in the absence

of drug.

OXYGEN SATURATION (%)

80

120
P (0, [mm Hg]

Figure 1.  Oxygen dissociation curves showing how varying amounts of HSA modulate the effects
globin (150 pM). HSA concentrations of 0 mg/ml, 10

mg/ml, 15 mg/ml, 20 mg/ml, 30 mg/ml, and 40 mg/ml were studied. The left most curve
represents hemoglobin solutions in the absence of LR16.

of 2 mm LR16 on purified human hemo
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value of 4 mm Hg. Upon incremental HSA addition, however, the Ps, shifts back to close to
control values for purified hemoglobin in the absence of drug. The addition of HSA at
concentrations of 10 mg/ml, 15 mg/ml, and physiologically relevant 40 mg/ml resulted in Ps,
values of 33 mm Hg, 24 mm Hg, and 8 mm Hg, respectively. Control values in the absence
of drug were determined to be 6 mm Hg. Figure 2 demonstrates the ability of HSA to attenuate
the effect of our new 02-50 analogue in LEH preparations. LEH plus 0.75 mM drug yielded
a Py, value of 32 mm Hg. The addition of HSA concentrations of 5 mg/ml and 15 mg/ml to the.
LEH-drug suspension reduced the observed Ps, values to 13 mm Hg and 11 mm Hg,
respectively. The control value for LEH only (i.e. no drug or HSA) was 10 mm Hg. The
effects of HSA on the Py, values of purified hemoglobin solutions and LEH/LR16 solutions are
summarized in Tables III and IV, found on the following page. A possible approach to
overcoming the loss of allosteric modifier in the presence of HSA is to incorporate a photolabile
moiety into the drug in the hopes of securing the drug to the protein to prevent diffusion from
the LEH particle.

100

50~

N SATURATION (%)

,
L

OXYG1

P (O, [mm Hg]

Figure 2.  Oxygen dissociation curves showing how varying amounts of HSA modulates the effect

of the new 02-50 agent on the oxygen affinity of LEH. Curve 1 shows the profile for LEH with
0.75 mM 02-50 present. Curve 2 shows the effect of addition of 5 mg/ml of HSA, while curve
3 shows a further decrease in Py, value upon increasing HSA concentration to 15 mg/ml. The
left most curve represents the oxygen dissociation profiles for LEH suspensions in the absence
of 02-50. Our data indicates that the allosteric modifier 02-50 diffuses out of LEH particles
when HSA is present. LEH nparticles contained distearoylphosphatidylcholine (DSPC):
dimyristoylphosphatidylglycerol (DMPG): cholesterol [molecular ratios of 4:1:3, respectively].
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Table . Effect of HSA on LR16’s Ability to Modulate the P5, Value
- of Human Hemoglobin in Solution.

[LR16] [HSA]
™) (mg/mL) Py, (mm/Hg)
2x10? 10 33.7
2x10° 10 33.1
2x10? .15 24.0
2x10° 15 23.9
2x10? 20 17.3
2x10° 30 10.5
2x10° 40 8.0
2x10° 50 8.0
0 0 6.0
0 50 6.0

"Drug and hemoglobin concentrations of 2.0 mM and 150 M, respectively, were used.
Experiments were conducted at 37 °C in TES buffer, pH 7.4.

Table IV. Effect of HSA on the Py, for LEH/LRIB Formulations.*

[HSA] [LR16]

(mg/mL) ™) Ps, (mm/Hg)
0 1x1073 49.4
5 1x10° 34.1
15 1x10° 15.6
20 1x10° | 11.5
30 7 1x10° 9.0
40 1x10° 8.5
50 1x107? 8.0

TDrug and hemoglobin concentrations of 1.0 mM and 150 M, respectively, were used.
Experiments were conducted at 37 °C in TES buffer, pH 7.4.
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Carzon-13 NMR sudies wers perfarmed
for 2 zan2s af 3llosteric affectora of hemo-
glctin. Spactral 9ssignments were mada by
¢ormparisen of 'H-decoupled 'IC specira:
far salacted cases, 2D HEYCOA experie
mens wars apglied. Migh regularity in the
chamical shifts af the similar fragments of
thesa structuras was found.

ker werst 'IC NMR METCOR Urea and
thiouraa dertvalivea Hemaglobin

INTRODUCTION

In the last 4 years, many papers dealing with
the preparation and dislogleal activity of
sompeuzds that act a3 allosteric effectors of
hemoglobin have been published - Among
the aumerous moietics, some urea derjvatives
wers found o be very effective in reducing
the vaygea allinity of hemoglobint? The
structures of mast of thess compounds were
¢onimmed by *H NMR specira; however, lo
our gowledge, 1?C NMR spestra have not
boen pubiiched for any of these allosteric
mediders of hemuglobin Wa praparsd aver
30 new uread 3nd thioursa derivarives with the
iplenrica of investigating their biclegieal
activity.* An analysis of carbon-13 NMR
spectry, réported i this paper, revealed a

‘ Rizk repularity in the chemical shifs of
simitas frazments of the structures. In addj.
tion. il revwaled signal devialions as an effect
of subssitutents in ths acomatle fngs.

* Presenl address: Institute of Organie
Chemistry, Polish Aciderny of Sciences. ull’\
Kaspraaga 44/52, 04-228 Warsaw, Poland.

OA

& 1554 Jcha Wilsy & Sons, Lid.
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RESULTS AND DISCUSSION

Tne YC NMR parameters are listed in Table
L. A simple analysis procsdure was used 10
assign peaks in the spectra, First, two graups
of peaks corresponding lo the signals of the
aromatic Ha3s A and B respectively (ase Fig.
1), were idenzided. For R = H (8 3]l &a2ey the
chemical shills originating from C4, C-X3",
C-667 and C-7 are very close or identical
(e-g. 18 and 20, Table 1), whereas the C-9-C-
14 sigpaly varied, depending oo the substil-
uents a fing A, Replacement of R = H by
C{CH,),CO.H i3 reflected in the & values of
the Ced-C-7 signals, and wirwwally did not
change the C-9-C-14 signals in the respective
pairs of coropounds (e.g. 13 and 14). For thiz
wries [R=C(CH,),COH, R' and RI
variable], 8 ¢lose resemblance of the corree
sponding C4—C.7 chemical shilts was algo
abserved (8.2 14 and 28). On this basis, the
bulk of the signals were assigned to the
appropriate carbons in both aromatic rings.
We found good agreement between the
chemical shifts calculated from inctements®
and thoz# determined experimentally (a.z.
campound 1; ealeulated. C4 1423, C-4($)
1149, C-&¢) 1200, €-7 1327, €9 1410,
C.10 1335, C-11 130.L, C-12 1176, C-13
1452, Ca13 1133 ppm; experimental values,
132.3, 11583, 120.4, 131.2, 1389, 1340, 120.7,
116.2, 146.1, 113.3 ppm, respectively). In some
instances, 3 eoupling betwesn carbon atoms
and Auorine was diagnostic and helpiul for
correct assignment. For 15 we were left with
two unideatified peaks at 106.2 (broader
singlet} aad 1057 ppm {d, J = 5 Hz2}, origine
ating from C.10 and C-14. The singlet ay
1062 ppm was a3sizned to C-10, because of
the absence of maed earbon—~Huorine coup-
ling This lxck of three-bond ecoupling con-
suant was observed, when ever a substituent
was present In aromatic ring betwzen the
respective centers (see 14-18), Ortho inter-
actions deformating he planarity of the
arene tlng (logether with subatituents) also
decreazad 32(C, F) values, especially when the
neighboring group (o Ruorine was refatively
bulky {s2e, for 2xample, coupling constanis of
C-1! and C.]3 carbons with Auorine in 14

In some cases a long-range Influence of the
subgtituents on the chemical shifis was
observed. When R =M waa replacad with
C(CH,),CO,H. nol only were &C3) and

S[C-H5) changed, but slsg HC-7) was shifted
downfield by c2. 3-4 ppm. This change was
smaller on C-§(67 (ca. 1.5 ppm). In 1his saries
the C-5(3"), C-6(6") carbons ara readily identi-
fied by their high intensity, but it was difficult
to assign them correctly because of the close-
ness of Lheir chemical shifts. For twe selacted
compounds (& 12} wo-dimensional
HETCOR spestra were recorded. Wa found
that dewnfield-shilted carbon aignals corre.
spond to H-%35) protons. On the basis we
propoze the assigned C.%5) and C-&6)
values for the remaining compounds in this
feri=s.

Intredustion of ap NH; group into termin-
al aromatic ring A causes dramatic changes
in Lhe neighboring carbon atem chemical
shifts. Mareover, independent of the position
of the NH; group (5, 6, 9, 32 and IS), long-
range effects were observed on C-3 (small
downfield shifty C.7 (downficld shift} and
even C-4 (upficld shift ca. ! ppis) The neigh-
boring amino group also changed the
carbon-Auorine coupling decreasing it up to
25 Hz (15).

Significant changes in chemical shifls wers
cauzed by a thiocarbonyl group in the urea
bridgs. Cachon atoms C-4(67 C-10 and C-14,
situated at the same distanse from C=S5, are
shifted downfield by over 5 ppm in 22,23 and
26 compared with Lha ecrtesponding ures
analogues 20, 21, and 25. Intarestingly, even
Ce4 and C-12. al five-bond distages from
C=§, ars moved downfisld By 2 ppm. This
influsnce is smaller on C-7 and C-3.

EXPERIMENTAL

Al) onedimensional *C NMR and two-
dimensionat HETCOR measurements were
carrisd oul in § mm tubes in DMSO0-d, al
25°C using a general Elevtric QE-300 spec-
trometer operating at 75234 MHz for 1C, or
a Bruksr AM-400 spectrometer operating at
100.623 MHz for 13C and al 400,139 MH2
for 'H. Sample concentrations wers ca. 30
mg mi~%. Qther experimental dala for "*C
NMR weze pulse width 4.0 ps, acquisition
time 027 3, Bip angle 457, relaxation delay
1.00 s and specrzal width 32 kHz
{corresponding data for 'H wers pulss widih
8.5 ps, acquisition time 1.9 s, fip angle 10*
and spestral widlh 6 kHzl Specteal widihs

Figura 1. Ganaral stucture of compoynds.
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Table 1. 2C NMR data for compounds 1=34 (coupling constants J expressed in Hz)

Compaund

RLAZ(FQ 1) Nu. €1 2 €.3(37 04
10-CH,, 13-NC, 1 1539
10:Cxt,. 13-NC, 2 W50 737 350 1802
1180 1 1524
11-NC, 4 1781 737 250 1604
19-NH, 6 1783 70 284 1502
19-Nm; 8 1732 730 349 1484
RaCICH;),C3,0H,
12-NO, ? 1521
12.5¢, 8 1749 787 280 1508
12-NH, 8 1751 787 250 1488
10-QCh,, 12-NO, 10 151.9
10-0CH,. 12.NC, 11 1950 747 280 1sa5
19-88H,. 12-NM, 12 1%t 743 2By 193
11.NC,. 12.8 13 1827
11.NC,, 12.F 14 1750 783 280 1508
11.NH,. 12-F 15 1750 787 280 432
188, 13.N0, 1 1619
18-R, 13-N0, 17 180 787 250 1505
11.¢, 127 18 1523
11-C 12.F 19 1744 787 248 1802
1.G x 1523
n.¢i 2 1750 787 258 1503
MU xe$; 2 1543
1.0 (X=85) W 1743 745 45 181
11-&12.¢ 24 152¢
11-8,12-.01 25 1754 MY 281 1804
1.8 120 26 1777 798 269 18234
(X=3$}
11.CN o 1523
11.0N 22 1753 7883 282 405
12.cN 3 1523
12.¢N 30 175% 747 25 1503
1.7, El 1825
11.C#,. 13.CF, 3 1825
11.€5,.12.CF, 33 1751 787 /O 1808
12.5CH, » 1828

Chemicy NS (pem)

C-5(5) €887 €72 ¢CA4 ¢9 g0
1153 1204 132 1526 1313 1340
189 1138 1338 $524 1387 12
1182 1249 130§ 1929 14 g
188 T n3Y 133 1525 1412 1420
1190 139 12 1528 14007 toas
1203 1132 1343 1525 1403 1037
1182 1203 1303 1810 1488 1172
199 1197 1333 1320 1448 1173
M9 1B 1347 1E3Y 1288 1204
163 1202 1308 1630 1382 vasa
1183 1195 1334 1518 1360 1469
1200 1782 1347 18523 N73 1437
182 1214 1304 1529 1369 1149
1200 1193 1335 1528 1368 1143
1133 1182 1343 1625 1361 1083
181 1205 1300 1523 1283 1516
Je1s Jen?
1188 1188 1332 1820 1283 1M
=13 J=282
152 1207 1307 1528 133 1192
1208 1132 1337 1523 1388 1195
153 1207 1307 1528 418 174
144 1197 1333 1825 L 117
1150 1260 130 1788 141y 1223
1MAT 1243 1372 1798 409 1228
1182 121 - 1300 1828 1382 1184
1183 1193 1338 1524 1401 1192
1178 1250 1322 1734 1407 1233
MET 1208 1304 1523 1408 1205
1483 1187 13317 1517 109 1207
163 1203 1308 1630 185 1178
1200 1127 1338 1522 144 180
NE0 1202 1304 1527 1408 1340
1981 1203 1300 1538 1420 1178
1204 V94 1333 1525 1420 11738
1182 1208 1295 1628 1378 1188

ez

&n C13 &4 Ctasrs
1307 1142 1481 1133 181 (S
1333 1184 1451 1125 1BO(CH,)
3481 1183 1299 1281

1481 1180 $29.9 1244

148y 1077 1287 1062

1481 1080 123.0 1063 s23 (COzCHS)

1351 14Q.7 1251 1172

1281 W03 t24t 1123

1142 1437 1142 1306

1055 144058 1483 1116

1089 1407 181 N78 5.5 (0CH,;)
580 1445 10558 1294

1304 1493 1185 13§83

Ju1l Jminsg Ua22 Jx?

1385 1434 1188 125§

Ja3 Jols5 Ja22 Ja7

1362 1482 1145 1057

Juil J=231 Jm1g J=B

1155 1170 1315 1148

do2 J=2

1140 1135 1440 1143

J=22 J=2

AATANNRL FA 1147 182

Je19 Ja238 J=22 JIm8

1139 1621 1183 1783

Juid Jeddy Jedd

1332 128 1302 184

1333 113 1303 1183

1Mmy 138 1235 118

1329 1208 1295 1218

131.7 1233 129.7 1174

118 1220 105 1182

1320 1327 1399 1327

1114 1247 1298 1225 1133 (CN)

1117 13527 1301 1229 1399 (CN)

132 1028 1332 UTA 1134 (CN)

4333 103 1333 1130 1134 (CN)

1203 1173 1292 14 1239 (a /=N CF)

Je

1305 13135 1305 1176 1223 (0. J=170.2+C5,

J=d2 FLY->]

1307 1141 1307 1178 1233 (e J=27C.22C8,

J=X2 Jwd2

1778 1311 1223 1188 142 (SCH,}

for txe-dimensional NMR wers f; = 150219
Hz and f; = 3634.0 Hz ¥C chemical shils
were refsrenced to DMSQ.d a1 339.50 ppm.

Tie {(Synthesis and chemical characters
izatien of 1-30. 32 and 33 have beun
published #lsewhere.* Data for olher new
cempounds were as follows {melting poiats
are unevrreeiod), 1<3-trilluoromethylphenyly
3 +hydroxyphenyliures (31) was prapared
aczerding a procedure dessribed in the liter-
awrs® and resulted in 2 30% yield, mp.
202°C (CHCI,;-MeOH). For C, H, ,F,N,0,
(M, 296.23): calculatad, C 36.76, H 3,74, N
9.46: found, C 56.66, H 3.75 N 9.50%, 14+
M:'.hyllnmphenyl)-3-{4—hydraxyphmynurea;1'
(34) waz prepared in a similac manner,
resulting in a8 96% yield, m.p. 214°C
{CHCl,-MeQH). For C;,H N,0;5 (M,
274.34); caleulated, € 6129, H S48, N 10.21,

18

S 11.69; found, C 61.08, H 519, N 10.18, § 3, (a) A. 8. Randad. M. A, Mahran, A S.

11.79%.
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